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1 . A vibration linear actuating device comprising a vibrating 
linear actuator and a driver for driving the actuator; 
the vibrating linear actuator including: 

(a) a mover having a permanent magnet magnetized in a radial 
direction 

(b) a stator having a coil and facing the permanent magnet; and 

(c) an elastic body for coupling the stator to the mover and 
energizing the mover toward a center of the stator, the driver including: 

(d) a driving section having a switching element for powering the coil; 

(e) and output controller for controlling the switching element; and 
(t) a zero-cross detector for detecting a zero-cross point of 

back electromotive force (BEMF) generated in the coil and outputting a 
zero-cross signal; 

wherein the driver transmits the zero-cross signal to the output 
controller and powers the coil in one direction for vibrating the mover in 
corporation with the elastic body, 

characterized by 

(g) a zero-cross monitor interposed between the zero-cross 
detector and the output controller, the zero-cross monitor monitoring the 
zero-cross signal and prohibiting acceptance of a next zero-cross signal 
for a given time after input of the zero-cross signal. 



2. The vibration linear actuating device of claim 1, wherein the 
driver transmits a re-starter signal to the output controller when the zero-cross 
signal is halted for a given time. 



3. The vibration linear actuating device of claim I, wherein the 
zero-cross detector is coupled to the coil via a BEMF amplifier and a level-shift 
section. 
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4. The vibration linear actuating device of claim 1, wherein the 
driver further includes a timing adjuster disposed between the zero-cross 
detector and the output controller. 



5. The vibration linear actuating device of claim 4, wherein the 
timing adjuster includes a phase locked loop. 



6. The vibration linear actuating device of claim I, wherein the 
output controller includes a pulse width modulator. 



7. A method of driving a vibrating linear actuator, the actuator 
comprising: 

a mover having a permanent magnet magnetized in a radial direction; 

a stator having a coil and facing the permanent magnet; and 

an elastic body for coupling the stator to the mover and energizing 

the mover toward a center of the stator, the method comprising the steps 

of: 

(a) determining a zero-cross point of back electromotive force 
generated in the coil; 

(b) determining a period for powering the coil in every cycle; 

(c) determining a period for powering the coil at starting time; 

(d) counting step (b) based on the determined result of step (a); 
characterized by the additional step of 

(e) starting to count depending on the judging result at step (a), 
wherein the judging result at step (a) is kept invalidated until 

counting up at step (c). 



8. The method of driving a vibrating linear actuator of claim 7 
further comprising step (f) for counting for itself based on the determined 
result of step (a), wherein step (c) starts counting when step (f) counts 
up. 
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9. The method of driving a vibrating linear actuator of claim 8, wherein 
step (f) is reset depending on a next determined result. 



10. A portable information apparatus comprising: 

(a) a board; 

(b) a vibrating linear actuator mounted to the board; the actuator 
including: 

(b- 1 ) a mover having a permanent magnet magnetized in a radial 
direction; 

(b-2) a stator having a coil and facing the permanent magnet; and 
(b-3) an elastic body for coupling the stator to the mover and energizing 
the mover toward a center of the stator; 

(c) a driver mounted to the board, the driver including: 

(c- 1 ) a driving section having a switching element for powering the coil; 
(c-2) an output controller for controlling the switching element; and 
(c-3) a zero-cross detector for detecting a zero-cross point of back 

electromotive force (BEMF) generated in the coil and outputting a zero-cross 

signal, 

wherein the driver transmits the zero-cross signal to the output controller 
and powers the coil in one direction for vibrating the mover in corporation with the 
elastic body, 

characterized by 

(c-4) a zero-cross monitor interposed between the zero-cross detector and 
the output controller, 

the zero-cross monitor monitoring the zero-cross signal and prohibiting 
acceptance of a next zero-cross signal for a given time after input of the zero-cross 
signal. 



1 1 The portable information apparatus of claim 10, wherein the 
vibrating linear actuator generates vibrations with a maximum amplitude in a 
vertical direction to the board. 



12. The portable information apparatus of claim 10, wherein the driver 
transmits a re-starter signal to the output controller when the zero-cross signal is 
halted for a given time. 
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13. The portable information apparatus of claim 10 5 wherein the zero-cross 
detector is coupled to the coil via a BEMF ampler and a level-shift section. 



14. The portable information apparatus of claim 10, wherein the driver 
further includes a timing adjuster disposed between the zero-cross detector and 
the output controller. 



15. The portable information apparatus of claim 14, wherein the timing 
adjuster includes a phase locked loop. 



16. The portable information apparatus of claim 10, wherein the output 
controller includes a pulse width modulator. 
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ABSTRACT 



A vibration linear actuating device includes a vibrating 
linear actuator and a driver (52) for driving actuator. Actua- 
tor includes mover having permanent magnet magnetized in 
a radial direction, stator having coil (2) and facing the 
permanent magnet, and elastic body for coupling stator to 
mover. The driver includes driving section having switching 
element (Q5) for powering coil (2), output controller (27) for 
controlling switching element (Q5), zero-cross detector (25) 

for detecting a zero-cross point of back electromotive force 

generated in coil (2) and having an output to be fed back to 

the output controller (27). In this structure, the driver powers 

coil (2) in one way to keep mover vibrating in corporation 

with elastic bodv. 

16 Claims, 12 Drawing Sheets 
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